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WHAT IS CLAIMED IS: 

1 . A strategic sampling procedure for measuring overlay errors, including: 

(a) determining a state within an intra-field, including determining number and 
positions of selected overlays within the intra-field, determining each type of sampling 
state and sum of the selected overlays, ranking each type of intra-field overlay sampling 
state similarly on a wafer, and measuring locations and actual overlay error values of 
each overlay type of sampling states within the intra-field; 

(b) using measured values and utilizing a least square method to obtain 
coefficients according to overlay error model formulas (23) and (24), computing related 
square coefficient values between each type of overlay sampling states within the intra- 
field and the overlay model (or R-square represents degree of assessed variance 
explained by the model), selecting a highest related square coefficient among the 
overlay sampling states within the intra-field so that model compensation is improved; 

(c) determining a plurality of inter-field overlay sampling patterns, including 
determining locations and number of types of overlay sampling states within the inter- 
field, and together with the selected highest square coefficient from the overlay states 
within the intra-field in step (b), measuring locations and actual overlay error values of 
each overlay sampling pattern within the inter-field; 

(d) using the measured values in step (c) and utilizing the least square method to 
find the coefficients in the model formulas (23) and (24), and computing related square 
coefficient values between each overlay sampling pattern within the inter-field and the 
overlay model, selecting an inter-field overlay sampling pattern having the highest 
related square coefficients, thereby finding an optimal sampling pattern that corresponds 
to the model and improving an effect of model compensation; and 
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(e) determining a combination of intra-field overlay sampling state and inter- 
field overlay sampling pattern and its relationship with the model so that the highest 
related coefficients are found, performing compensation and modification using the 
measured overlay errors for the same stepper machine so that number of overlay errors 
5 of exposed patterns is reduced to a tolerable range and yield of semiconductor device is 
improved, 

wherein the overlay errors model uses formulas as follow: 

d x+x = T x+X + E X X -(N + 9)Y + M' x x - R y y + r x+x (23) 

d y+J = T y+T +E T Y-(0- N)X + M' y y + I^x + r y+I 

10 with parameters in the model selected according to measured parameters and statistics, 
and setting 



N = - 



2 

R +R 
where 

N: a non-positive crossing parameter; 
^ : an angular rotation parameter; 

x, y: intra-field coordinates that use a central point of a selected region as 
an origin; 

X, Y: inter-field coordinates that use a central point of a wafer as an 

origin; 

d x+ x>d y+Y . gum q £ ij^j-^figij OV erlay error and inter-field overlay error 
in horizontal and vertical directions, respectively; 
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x + x, y+ Y . sum of intra-field translation error and inter-field translation 
error in the horizontal and the vertical directions, respectively; 
E-x+y ; inter-field expansion error; 

^" : magnification error in the horizontal and the vertical directions, 
5 respectively; 

intra-field rotation error in the horizontal and the vertical 
directions, respectively; 

Rx>Rr ■ inter-field rotation error in the horizontal and the vertical 
directions, respectively; and 
10 r x+x> r y +r : sum Q f i n tra-field residue and inter-field residue in the 

horizontal and the vertical directions, respectively. 

2. The strategic sampling procedure of claim 1, wherein in step (a), total number 
of overlays in each sampling state is between 10 and 255. 

3. The strategic sampling procedure of claim 2, wherein in step (b), the highest 
15 related square coefficient is the intra-field overlay sampling state (d). 

4. The strategic sampling procedure of claim 3, wherein in step (c), the number 
of types of inter-field overlay sampling patterns in each region is between 2 and 5 1 . 

5. The strategic sampling procedure of claim 1, wherein the least square method 
includes a multiple linear regression analysis. 

20 6. The strategic sampling procedure of claim 1, wherein the least square method 

includes a multiple linear regression analysis. 



33 



